In the annals of biomedical theory perhaps no single class of natural product has enjoyed more ingenious speculation than antioxidants formally aimed at counteracting oxidative insults which are involved in the pathophysiology of Alzheimer's and Parkinson's disease, cancer, amyotrophic lateral sclerosis, skin ageing and wound healing. In pursuing our study of Malaysian traditional medicines with antioxidant properties, we became interested in Acalypha wilkesiana var. macafeana hort., used traditionally to heal wounds. To examine whether Acalypha wilkesiana var. macafeana hort. could suppress oxidation an ethanol extract was tested by conventional chemical in vitro assays i.e., ferric reducing antioxidant potential assay (FRAP), DPPH scavenging assay and beta-carotene bleaching (BCB) assay. To explore whether Acalypha wilkesiana var. macafeana hort. protected cells against oxidative injuries, we exposed human hepatocellular liver carcinoma (HepG2) cells to tert-butylhydroperoxide (t-BHP). In all the aforementioned experiments, the ethanol extracts elicited potent antioxidant and cytoprotective activities. To gain a better understanding of the phytochemical nature of the antioxidant principle involved, five fractions (F1-F5) obtained from the ethanol extract were tested using FRAP, DPPH and BCB assays. Our results provided evidence that F5 was the most active fraction with antioxidant potentials equal to 2.090 ± 0.307 µg/mL, 0.532 ± 0.041 µg/mL, 0.032 ± 0.025 µg/mL in FRAP, DPPH and BCB assay, respectively. Interestingly, F5 protected HepG2 against t-BHP oxidative insults. To further define the chemical identity of the antioxidant principle, we first performed a series of phytochemical tests, followed by liquid-chromatography and mass spectrometry (LC/MS) profiling which showed that the major compound contained in F5 was geraniin. To the best of our knowledge, this is the first report showing that the wound healing property of Acalypha wilkesiana var. macafeana hort. is mediated by a geraniin containing extract. Furthermore, our data leads us to conclude that geraniin could be used as a potential pharmaceutical and/or cosmetic topical agent.
Normal metabolism produces oxidant by-products (reactive oxygen species, ROS) which cause damage to DNA, proteins, and lipids which result in ageing and neurodegenerative diseases [1] . In normal physiological conditions, cells generate ROS which are quickly neutralized by glutathione (GSH) [2] . However, smoke, ultraviolet, ionizing radiation, environmental toxins and stress generate large amounts of ROS which surpass GSH capacities resulting in organelle insults and apoptosis [3] .
In fact, oxidative stress has been recognized to be involved in the pathophysiology of several chronic conditions including cardiovascular diseases, cancer, diabetes, arthritis, nephropathy and skin ageing [1] [2] . In addition, other studies have demonstrated the involvement of ROS in the etiology of liver diseases such as hepatitis, fibrosis, cirrhosis, and hepatocellular carcinoma [4] . Consequently, mechanisms of protection of liver are compelling, and natural antioxidants, especially from flowering plants, are being sought to counteract oxidative stress [5] .
The term "antioxidant" refers to any substance that delays, prevents or removes oxidative damage to a target molecule [6] . Antioxidants comprise a broad and heterogeneous family of compounds that interfere with the oxidation of any oxidizable substrate [7] . Antioxidants scavenge and prevent the formation of free radicals such as superoxide which accumulates in the body at a rate of 1 % per day at rest and increases 10-fold during body exertion [8] . In fact, within the past decade, a considerable body of evidence has accumulated in support of the view that natural products with antioxidant properties might be beneficial to health [6] .
As part of an ongoing study to identify antioxidants from medicinal plants [9, 10] , we have previously isolated flavonoid glucosides, flavanones and pyrrolizidine alkaloids. One of the largest groups of flowering plants is Euphorbiaceae Juss. which encompasses about 300 genera and 7500 species [5] of which many are considered as medicinal plants. In this context, it is worth to acknowledge that illnesses linked to oxidative stress are traditionally treated by members of the genus Acalypha L. such as Acalypha racemosa Wall. ex Baill., Acalypha indica Linn. and Acalypha ornata Houchst. Ex A. Rich. Thus these species have attracted the attention of researchers [11] [12] [13] [14] [15] [16] . The notion of Acalypha L. alleviating illnesses induced by oxidative stress is further supported by an analysis of an unidentified species used to treat breast cancer and inflammation [17] [18] . However, little attention has been focused on the antioxidant properties of members of the vast genus Acalypha L. var. macafeana hort used to heal wounds. To examine the antioxidant effects of Acalypha wilkesiana var. macafeana hort., we tested an ethanol extract using a panel of conventional tests which evidenced significant antioxidant and cytoprotective capacities. In order to identify the antioxidant principle, 5 fractions (F1-F5) from the ethanol extract were tested and F5 evidenced potent antioxidant and cytoprotective effects. Further chromatographic analysis of F5 yielded geraniin as the major constituent. [20] suggested combining assays associated with lipid peroxidations and assays associated with radical and electron scavenging in order to evaluate antioxidant capacity. In line with this contention, we analyzed our samples with three different assays to accommodate different antioxidant mechanisms.
In order to evaluate the antioxidant potential of the ethanol extract of Acalypha wilkesiana var. macafeana hort. and its fractions, three antioxidant tests were performed; the FRAP assay, the DPPH radical scavenging assay and the β-carotene bleaching assay. Results are presented in Table 1 . The total phenolic content of the samples was also assessed using the Folin-Ciocalteau reagent, and the results are presented in Figure 1 . Interestingly, F5 displayed the most prominent antioxidant effect in all three assays as compared to other fractions and the crude ethanol extract with antioxidant capacity of 2.090 ± 0.307 µg/mL, 0.532 ± 0.041 µg/mL, 0.032 ± 0.025 µg/mL in FRAP, DPPH and BCB assay, respectively. Additionally, F5 was more active than positive standards used in the three assays i.e., quercetin, Trolox and ascorbic acid. The total phenolic content for F1 and F5 were significantly higher than the ethanol extract with values equal to 208.7 ± 7.02, 179.57 ± 17.96 g of gallic acid equivalent/100 g sample, respectively. Clear correlation is seen between the antioxidant potentials and the total phenolic content, thus suggesting that the phenolics account for antioxidant activity of the plant.
The potential cytoprotective effects of both the ethanol extract and F5 against cell death induced by t-BHP were evaluated in HepG2 cells. EC 50 values for cytoprotection of the ethanol extract, F5 and quercetin both for the direct activity and indirect activity are tabulated in Table 2 . From the EC 50 values, it can be concluded that both the ethanol extract and F5 are less active than quercetin in both of the analyses with F5 being 7-fold and 3-fold less active than quercetin in the direct and indirect assay, respectively. The viability of HepG2 cells exposed to 100 µg/mL of quercetin was reduced to 62.7 % in the direct assay ( Figure 2 ). Both the ethanol extract and F5 were non-toxic alone in all the concentration tested (6.25 -100 µg/mL) and also protected the cells against cell death in a dosedependent manner, with F5 being more potent than the ethanol extract. However, in the indirect cytoprotection assay, it is observed that quercetin was not toxic to the cells at the highest concentration (100 µg/mL) under the experimental protocol adopted ( Figure 3 ). Quercetin protected against t-BHP toxicity, with less potency than in the direct activity assay with cell viability of 98.0 % with treatment of 100 µg/mL. Both the ethanol extract and F5 were also non-toxic to cells alone, and protected the cells against insults induced by t-BHP, with F5 more potent than the ethanol extract. To gain further insights to the nature of active constituents of F5, conventional phytochemical analysis were performed, and precipitation formed with the addition of gelatin indicating the presence of tannins in F5. In addition to this, liquid chromatography/mass-spectrometry (LC/MS) analysis was performed allowing the identification of a major tannin. The major tannin (peak number 2, Table 3 ) was identified as geraniin (54.9 %) in line with evidence provided by Self et al. [21] (Figure 4 ). The major tannin was isolated for further elucidation and NMR analysis of the major tannin (Table 4 ) showed shifts well correlated with geraniin as reported by previous reports. The percentages of other compounds in F5 are in the range of 0.2 to 5.9 % (Table 3) . Geraniin forms an equilibrium mixture of a hydrated fivemembered hemiacetal ring structure and a hydrated six-membered hemiacetal-ring upon mutarotation [22] . Other compounds present in F5 were also analyzed using their fragmentation patterns as tabulated in Table 3 and referenced to the literature. LC-MS/MS method was needed to distinguish between the presence of quercetin or ellagic acid as both compounds produce molecular ions of [M-H]m/z 301 [23] . MS/MS analysis showed that further fragmentation of m/z 301 yielded characteristic daughter ions of m/z 257 and 229 which is the unique pattern for ellagic acid [24] . All of the peaks except peak (1) and (7), yielded a fragment of m/z 301, and showed the same daughter ion fragments, thus confirming that the peaks are ellagitannins. Peak (1) is β-glucogallin with the same respective fragments identified by Powlowska et al. [25] . βglucogallin is a simple gallotannin which comprises of gallic acid and a β-D-glucose. Peak (7) showed a m/z 935.0 which was shown to be doublely charged [M-2H] 2by zoom scan analysis giving its real m/z as 1870 for the peak as referenced in Hager et al. [26] as sanguiin H-6 or lambertianin A.
Several studies have shown that the mechanism underlying polar antioxidant involves reactions with the hydroxyl (OH) group present in phenolics [30] . Indeed, phenolics are composed of one or more aromatic rings bearing one or more hydroxyl groups and are therefore potentially able to quench free radicals by forming stabilized phenoxyl radicals [31] and most of the current antioxidants isolated so far from flowering plants are simple phenolic compounds which owe their properties to the mere fact that their aromatic hydroxyl moieties react with free radicals [31] . Given the involvement of hydroxyl (OH) groups, it is tempting to speculate that the total content of phenolic compound could be seen as a standard step in the evaluation of antioxidant activities of plant extract. Indeed antioxidant capacities correlated with total phenolic content and DPPH reducing ability in a study of traditional Chinese medicines [32] . A comparative antioxidant study of 30 plant extracts used in the nutraceutical industry highlighted a relationship between phenolic compound concentration in the plant extracts and their free radical scavenging and ferric reducing capacities [33] .
Here, we present evidence that the ellagitannin geraniin is most likely the major antioxidant principle of Acalypha wilkesiana var. macafeana hort. using LC-MS. MS with HPLC and UV which are first line techniques for the analysis of ellagitannins [21] . Ellagitannins are present in flowering plants and particularly in the family Euphorbiaceae Juss. [5] to which they often impart their medicinal properties [34] .
The ability of antioxidants like ellagitannins or an extract to protect cells against oxidative insults are difficult to extrapolate only from in vitro chemical tests, thus in vitro cell culture evaluation is crucial to assess antioxidants that might be used in disease prevention and health promotion. Cell culture models are used to investigate biological effects of antioxidants in vitro as animal or human models are expensive and labor extensive [35] . HepG2 is wild-type p53 human hepatocellular carcinoma cell which is considered a good model to study in vitro toxicity and protection of the liver, as it retains many of the specialized functions of normal human hepatocytes [36] including vulnerability to reactive oxygen species. t-BHP is an organic hydroperoxide which generate free radicals that initiate lipid peroxidation in HepG2, leakage of lactate dehydrogenase (LDH) and apoptosis [37] . In line with this contention, we measured protective effect of the ethanol extract and F5 against t-BHP-induced insults in HepG2 cells. The results obtained convincingly evidenced that F5 is cytoprotective. Since F5 is consists of phenol our results are agreement with previous studies evidencing correlation between antioxidant capacities and cytoprotective effects [35, [38] [39] . In sum, the present results support the hypothesis that geraniin is responsible for the healing property of Acalypha wilkesiana var. macafeana hort. by virtue of its antioxidant and cytoprotective activities.
In this context, it is of interest to note that the family Euphorbiaceae Juss. belongs to the superorder Rosanae Takht. like Geraniaceae Juss. thus, one could reasonably draw an inference that geraniin may very well be a major active constituent in plants of the superorder Rosanae Takht. In fact, geraniin isolated from Geranium sibiricum L. (family Geraniaceae Juss.) exhibited the potent antioxidant activity together with corilagin and gallic acid [40] . In a recent study of polyphenol metabolites conducted with the oxygen radical absorbance capacity (ORAC) assay, geraniin and its metabolites have shown potent antioxidant activity [41] . The latest finding has displayed geraniin as a cytoprotective agent against peroxynitrite generator 3-morpholinosydnonimine (SIN-1) and peroxyl radical generator 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH) in co-existence, suggesting that geraniin exhibits cytoprotective effects via free radical scavenging activity in the extracellular fluid [42] . A study on geraniin from Phyllanthus amarus recently exhibits that geraniin protects mouse liver from ethanol induced toxicity by inhibition of lipid and protein oxidation, and modulating Bax/Bcl2 ratio [43] . To our knowledge, this study is the first study to show that a fraction which consist of geraniin as a major compound, exhibits cytoprotective effect against t-BHP induced oxidative insult.
In summary, our studies demonstrate for the first time that geraniin is most likely the active constituent of Acalypha wilkesiana var. macafeana hort. To the best of our knowledge, this is the first report showing that geraniin is cytoprotective. Our data leads us to conclude that geraniin could be used as a potential pharmaceutical and/or cosmetic topical agent.
Experimental
Reagents and materials: Sephadex LH-20, 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteau reagent, ferric chloride (FeCl 3 ), ferrous sulphate (FeSO 4 ), β-carotene, Trolox and quercetin were purchased from Sigma, Germany. Gallic acid was purchased from Tokyo Chemical Industry, Japan. All other chemicals were of analytical grade.
Preparation of the ethanol extract and fraction: Acalypha wilkesiana var. macafeana hort. was collected at Jalan Broga, Semenyih (2°56'43" North, 101°56'44" East) and authenticated by the Forest Research Institute Malaysia (FRIM). Dried aerial parts of Acalypha wilkesiana var. macafeana hort. (265 g) were ground and extracted with maceration three times with ethanol in 1:8 ratio of sample to solvent, overnight soaking for each time. The combined extract was filtered and evaporated in vacuo to obtain dried crude ethanol extract which was kept at -80C until further use. Sephadex LH-20 (30 g) resin was used to separate the ethanol extract (3 g) into different fractions namely F1-F5.The chromatography was performed with gradient ethanol-water mixtures (from 25 % to 95 % ethanol) and with aqueous acetone (70 % v/v). The fractions were evaporated and the solid materials were kept at 4C until further use.
Ferric reducing antioxidant potential (FRAP):
The FRAP assay was employed to estimate the antioxidant capacity of the samples in vitro. The antioxidant capacity was determined following the procedure described by Benzie and Strain [44] with modifications. The FRAP reagent was prepared fresh by adding 10 mM of 2,4,6-Tris(2-pyridyl)-1,3,5-triazine (TPTZ) (dissolved with 40 mM of HCl), 20 mM of FeCl 3 in water and 300 mM of acetate buffer (pH 3.6) in ratio of 1:1:10. Sample was dissolved in 10 % DMSO. A blank containing the sample and the solvents only, was used for colour correction. The 96-well plates were then incubated at 37C for 90 minutes before absorbances were recorded at 600 nm. Trolox and quercetin were used as antioxidant standards and positive controls. The absorbance of the samples were compared to a FeSO 4 standard curve and the FRAP values were expressed as Ferrous Equivalent (FE), the concentration of extract or chemical which gives the same absorbance as 1 mmol ferrous ion.
DPPH radical scavenging assay:The free radical scavenging effect of the ethanol extract and fractions was assessed by the free radical scavenging assay as previously reported by Alothman et al. [45] with modifications. Methanolic DPPH (50 µM) was used in the assay. Samples were dissolved in 10 % DMSO. The absorbance was measured at 517 nm against a methanol blank without DPPH. Results were expressed as IC 50 concentration where 50 % inhibition of the DPPH radical is obtained. Percentage of inhibition of the DPPH was calculated using the following equation: Inhibition (%) = (A 0 -A S ) / A 0 x 100 where A 0 is absorbance of the control and A S is absorbance of the sample after incubation.
β-Carotene bleaching assay:
To appraise lipid peroxidation activity of the samples, β-carotene bleaching assay was carried out according to the method of Barreira et al. [46] . β-carotene was dissolved with chloroform, and linoleic acid and Tween 80 were then added. After the chloroform had been evaporated, distilled water was added in to form an emulsion. The emulsion was tested with different concentrations of samples and standards. All samples were dissolved with 10 % DMSO. Incubations were done at 50C for 4 hours. The oxidation of β-carotene emulsion was monitored by measuring the absorbance at 490 nm via a Dynex microplate reader. Degradation rates were calculated according to first order kinetics, Antioxidant and cytoprotective effects of Acalypha wilkesiana Natural Product Communications Vol. 8 (3) 2013 379 degradation rate (DR) = ln a/b x 1/t; whereby a is the initial absorbance, b is the absorbance at 240 min and t is time (min). The antioxidant activity was presented as % inhibition using the following formula: Antioxidant activity = (DR control -DR sample) / DR control x 100.
Determination of total phenolics: Total phenolic contents of the fractions were determined using Folin-Ciocalteau assay adapted from Singleton et. al [47] and Waterhouse [48] . Sample (2 µL) was mixed with water (158 µL) and Folin-Ciocalteau reagent (10 µL) and left to stand for 8 minutes at room temperature before 30 µL of sodium carbonate (20 % w/v) solution was added. The solution was mixed and allowed to stand for 30 minutes in the water bath at 40C, after which the absorbance was recorded at 700 nm using the microplate reader. A calibration curve of gallic acid was also prepared starting with final concentration of 50 µg/mL and subsequent 2-fold dilutions. Results are expressed as g of gallic acid equivalent (GAE)/100 g sample.
LC/MS profiling of F5:
The identity of the compounds in F5 was screened by LC/MS profiling with Bruker MicroTOF II system. Sample was dissolved with 20 % acetonitrile and separation of the constituents was performed on a Zorbax C 18 column (4.6 mm x 150 mm, 5 µm particle size) from Agilent Technologies with gradient acetonitrile and water mixtures. The peaks were detected at 280 nm. All the peaks are then diverted to the MS system and scanned from m/z 100 -1500 for detection of the fragments. All MS analyses were performed in negative ionization mode.
NMR elucidation of major compound in F5:
The major compound in F5 was collected via HPLC (Varian 940-LC) fraction collector and freeze dried. Sample was then dissolved with deuterated acetone, added with a drop of D 2 O. NMR spectra were recorded on a Bruker Ultrashield 600 MHz and chemical shifts were given in δ values (ppm). NMR data were analyzed using TopSpin TM software.
Cell culture: HepG2 cells were grown to 90% confluence before seeding into 24 -well culture plates, and left overnight to adhere prior to treatment at 37C in a 5 % CO 2 -in air incubator. Cells were grown in Minimum Essential Eagle medium with 10 % v/v foetal bovine serum (FBS), 1 % v/v non-essential amino acid solution, 2 µg/mL of fungizone and 0.05 mg/mL of gentamicin.
Cytotoxic and cytoprotective assay -direct activity: Cells were treated with the ethanol extract, the F5 fraction or quercetin at various concentrations for 5 hours, in the absence or presence of 0.5 mM t-BHP, in medium containing 2 % v/v FBS. The medium was washed off, and replaced with complete medium containing neutral red at 20 µg/mL. Cells were incubated at 37C for one hour. Medium was removed again and cells were washed with buffered saline prior to fixation of the cells with water:ethanol:glacial acetic acid (50:50:1 v/v). Plate was shaken on an orbital shaker for 10 mins to solubilize the cell-retained dye. Absorbances were taken at 540 nm, from which cell viability was calculated.
Cytotoxic and cytoprotective assay -indirect activity: Cells were treated with the ethanol extract, the F5 fraction or quercetin at various concentrations for 20 hours in complete culture medium. The medium was removed and cells were exposed to 0.5 mM t-BHP in medium containing 2 % v/v FBS for 5 hours. The medium was washed off, and replaced with complete medium containing neutral red at 20 µg/mL. Cells were incubated at 37C for one hour. Medium was removed again and cells are washed with buffered saline prior to fixation of the cells with water:ethanol:glacial acetic acid (50:50:1 v/v). Plate was shaken on orbital shaker for 10 mins to solubilize the cell retained dye. Absorbances were taken at 540 nm, from which cell viability was calculated.
Statistical analysis: Data are presented as mean ± standard error of the mean (SEM) of triplicates in three independent experiments. The data were analyzed by one-way ANOVA, followed by Tukey's multiple comparison test for each paired data. A p < 0.05 was regarded as indicating a significant difference.
